Cefotaxime (Claforan; Hoechst-Roussel Pharmaceuticals, Inc., Somerville, N.J.), an expanded-spectrum cephalosporin, has a broad spectrum of antibacterial activity against aerobic cocci and enteric gram-negative bacilli. Cefotaxime is normally cleared by both renal excretion and hepatic metabolism and has been extensively studied in both human and animal models (2, 4, 5, 7, (12) (13) (14) 17) . The major metabolite of cefotaxime, desacetylcefotaxime, also possesses antibacterial activity that is often synergistic with the parent compound. In vivo evidence suggests that the liver is the primary site for the formation of desacetylcefotaxime, although the kidney has also been shown to be capable of this conversion in vitro (7) .
The pharmacokinetics of cefotaxime and desacetylcefotaxime have been reported previously in patients with parenchymal liver disease (8-10, 19, 20) . However, the relationship of clearance and other pharmacokinetic parameters of cefotaxime and desacetylcefotaxime to specific clinical manifestations of liver disease, such as decreased hepatic function with hypoalbuminemia, jaundice, and ascites, has not been established. It is probable that the ratio of cefotaxime and desacetylcefotaxime, and thus, the total bactericidal activity in blood and body fluids, differs in patients with various forms of liver disease. In addition, patients with chronic parenchymal liver disease (CPLD) are prone to serious and even life-threatening infections. Spontaneous bacterial peritonitis is one such complication and is associated with a mortality rates ranging from 30 to 100% (18) . The wide range reported may be related more to the variability of the underlying liver disease than to the infection per se. It is important, therefore, to determine whether impaired disposition of cefotaxime and desacetylcefotaxime from blood and ascites differs among patients with various forms of chronic liver disease and thereby predisposes certain patients to a high risk of fatality during spontaneous bacterial peritonitis. To this end, a study was conducted to determine the pharmacokinetics of cefotaxime and desacetylcefotaxime and blood and ascitic fluid bactericidal titers in four groups of patients with different forms of CPLD and in normal control subjects.
MATERIALS AND METHODS
Subjects. Twenty-seven subjects with CPLD, with or without jaundice, edema, or ascites, were recruited from patients at Rancho Los Amigos Hospital, Downey, Calif. Each patient had to fulfill at least two of the following criteria for inclusion into the study: (i) biopsy-proven cirrhosis, (ii) esophageal varices or abdominal wall collateral veins, (iii) serum ascites albumin gradient of -1.1 g/dl (15), or (iv) redistribution of colloid on liver-spleen scan. In addition, four normal subjects served as controls. Subjects were selected to fill four different groups according to their clinical status. Group I (six subjects) consisted of patients with CPLD but without jaundice, edema, or ascites; group II (six subjects) consisted of patients with CPLD and ascites (total bilirubin, <2.0 gm/dl); group III (eight subjects) consisted of patients with CPLD and jaundice (total bilirubin, .2.0 mg/dl) but without edema or ascites; and group IV (seven subjects) consisted of patients with CPLD and jaundice and ascites. Group V (four subjects) consisted of normal control subjects.
Exclusion Procedure and study design. Upon admission to the study, each subject was given a physical examination, blood was collected for chemistries and complete blood count, and urinalysis was performed. Each subject received a single 2.0-g dose of cefotaxime dissolved in 100 ml of normal saline which was administered via an intravenous cannula through an intravenous controller over a 30-min period. The cannula was flushed with 10 ml of normal saline at the completion of the infusion and before each blood collection. Samples of 5 ml of venous blood were collected preinfusion and at 10, 20, 30, and 45 min and 1.0, 1.25, 1.5, 2.0, 2.5, 3.5, 4.5, 6.5, 8.5, 12.5, 24.5, 30.5, and 48.5 h after the start of the infusion. Serum was separated from clotted venous blood within 2 h of collection. In addition, a 20-ml sample of peritoneal fluid was collected at 6 and 24 h after infusion in the 13 patients with ascites (groups II and IV). Samples were stored at -70°C until they were analyzed for drug concentrations.
Analytical methodology. Cefotaxime (92.5% free acid) and desacetylcefotaxime were supplied by Hoechst-Roussel Pharmaceuticals. Ceftizoxime was purchased from Smith Kline & French Laboratories (Philadelphia, Pa.) and served as the internal standard.
High-performance liquid chromatography procedure. To 200 ,il of serum containing cefotaxime and desacetylcefotaxime was added 16 ,ul of internal standard (0.5 mg/ml). The mixture was passed through a solid extraction column (SAX Quaternary amine, 100 mg/1.0 ml; Analytichem International, Harbor City, Calif.) and washed with 0.5 ml of distilled water. The drug and internal standard were eluted from the column with 0.2 M sodium acetate buffer (pH 3.5).
Eluant was collected and immediately frozen and stored at -70°C until it was analyzed. The frozen samples containing cefotaxime, desacetylcefotaxime, and internal standard were rapidly thawed, and a 30-,ul sample was injected into the high-performance liquid chromatography column. Chromatographic conditions. Chromatographic conditions were modified from the previously published procedure of Fabre and Kok (6) . Separation was accomplished by using a C18 reverse-phase column (4.1 by 300 mm, 10 p) preceded by a C18 guard column (Alltech Associates, Inc., Deerfield, Ill.). The mobile phase consisted of 90:10 (vol/vol), 0.1 M sodium acetate (pH 4.1) and 0.01 M sodium bromide. The highperformance liquid chromatography analysis was conducted with a Perkin-Elmer (Norwalk, Conn.) model 41OLC pump equipped with a syringe-loaded 100-pl sample injector (Rheodyne, model 7125), and elution was at a flow rate of 1.8 ml/min. The effluent was monitored with a variable-wavelength UV detector at 254 nm and a high-performance integrator (LC-90 and LC-100; Perkin-Elmer). The assay sensitivity for cefotaxime and desacetylcefotaxime was 2.5 ,ug/ml. The interday coefficients of variation were 3.34% at 10 pLg/ml and 1.96% at 70 ,ug/ml. Pharmacokinetic analysis. Initial polyexponential parameter estimates were obtained by using the ADAPT PC computer software program (3), because it did not require precise initial estimates. Final parameter estimates for cefotaxime were determined by using PCNONLIN (Statistical Consultants, Inc.). In both cases, a unity weighting scheme was used. All model-dependent pharmacokinetic parameters were estimated by using an appropriate adjustment for the infusion period. Model selection criteria were based on the Akaike Information Criterion (21) . To determine the elimination rate constant for the metabolite desacetylcefotaxime, a regression of the ratio of the serum desacetylcefotaxime concentration to the area under the concentration-time curve (AUC) of cefotaxime versus the ratio of the AUC of desacetylcefotaxime to the AUC of cefotaxime as described by Houston (11) was used, as follows:
where t is time, C is the concentration of cefotaxime (CTX) or desacetylcefotaxime (DTX), CL is clearance, V is the volume of distribution, and kel is the elimination rate constant of desacetylcefotaxime.
Statistical analysis. The results of the data analysis are presented in Table 1 and are shown as mean values ± standard deviations, unless otherwise noted. The MannWhitney nonparametric test was used where appropriate. All statistical analyses were done by the methods described by Zar (22) . Linear and stepwise regression analyses were performed between selected pharmacokinetic parameters and individual clinical laboratory results to investigate the relationship between hepatic impairment and its influence on drug disposition. A level of P < 0.05 was considered to be statistically significant.
RESULTS
Cefotaxime pharmacokinetics. The serum cefotaxime concentration-time profiles for groups I to V are shown in Fig. 1 Cefotaxime AUCs for groups I to V were 176, 192, 241, 217, and 103 jig. h/ml, respectively. The differences in AUC for group II and III patients compared with that for group V patients were statistically significant (P < 0.05); however, the difference in the AUC for group IV patients compared with that for controls was not significant (P = 0.06). The total body clearance, calculated by using a noncompartmental method, ranged from 2.06 to 4.49 mlmin/kg, with the control group having the highest clearance and group III patients with CPLD and jaundice having the lowest clearance. The steady-state volumes of distribution calculated by using a noncompartmental method ranged from 0.29 liter/kg for group V (normal) subjects to 0.41 liter/kg in group IV patients. However, the differences in the apparent volumes of distribution in all test groups compared with that in the control group were not statistically significant.
The mean ascitic fluid cefotaxime concentration was 9.90 ± 3.6 ,ug/ml at 6 h and 1.25 ± 1.6 ,ug/ml at 24 h for group II patients and 12.95 + 5.0,ug/ml at 6 h and 1.67 + 2.6 p.g/ml at 24 h for group IV patients.
The clinical laboratory characteristics of the study population are given in Fig. 2 . The apparent t1/2s for desacetylcefotaxime calculated by using a least-squares regression of the terminal part of the concentration-time curve for groups I to IV were 9.6, 11.4, 7.1, and 13.4 h, respectively; and the t1/2 was 2.5 h for the control group. By using a ratio plot, the mean true desacetylcefotaxime t112 for groups I to V were 1.18, 1.79, 1.48, 1.66, and 1.94 h, respectively, because desacetylcefotaxime demonstrates formation rate-limited kinetics (1, 12) . The maximum serum desacetylcefotaxime concentration achieved for each of the five groups ranged from a low of 5 ,ug/ml in group II to a high of 12.3 ,ug/ml in group III. The mean desacetylcefotaxime AUCs for groups I to V were 135, 72, 128, 95, and 114 jig. h/ml, respectively.
Desacetylcefotaxime was found to be unstable in solution, because stock solutions stored at 4°C consistently gave standard curves with large inter-run coefficients of variation. Even in samples stored at -20°C, this problem continued to occur. Serum samples containing 5 to 100 ,ug of desacetylcefotaxime per ml showed 12 to 31% degradation over an 8-h period when they were stored at room temperature. However, desacetylcefotaxime was found to be stable in serum samples stored at -70°C.
DISCUSSION
The t1/2, (0.78 h) of cefotaxime for the control group (group V) in this study is in agreement with a previously reported value (0.79 h) (14) but differs from others (4, 5, 7, 12) , probably because of variation in the lengths of the infusion periods. In patients with CPLD, t1/2s were significantly different compared with those in normal control subjects. For example, group IV subjects (with jaundice and ascites) were found to have a significantly longer t1/2 in serum (2.42 h) compared with those of the control group. This is in close agreement with that previously reported by Hoffken et al. (10) in nine patients with advanced liver disease (t112 = 2.3 h). When patients with limited renal impairment were excluded from the analysis, the differences in the t1/2s of group I to IV subjects compared with those of group V subjects were still statistically significant. However, the results of this study differ from the results reported by Graninger et al. (8) , who found that the t1/2 and AUC of cefotaxime do not differ in patients with cirrhosis compared with the values reported in normal subjects.
The plasma AUC for the control group (AUC = 103 ,ug h/ml) was smaller than that reported previously (AUC = 120.7 and 134.1 ,ug. h/ml) in references 4 and 12, respectively, for identical doses. The lower AUCs for group II and Group II patients had a mean ascitic fluid concentration of 9.90 ,ug/ml at 6 h after infusion; in contrast, group IV patients had a mean ascitic fluid concentration of 12.95 ,ug/ml at 6 h. In addition, in each patient in groups II and IV, the cefotaxime concentrations in ascitic fluid at 6 and 24 h were consistently higher than their respective levels in plasma taken at the same time. This indicated that cefotaxime freely diffuses into and accumulates in ascitic fluid to an appreciable degree. This finding was also reported by Hary et al. (9), who studied the kinetics of cefotaxime in the peritoneal compartment and concluded that cefotaxime rapidly enters the ascites, with inflow from the intravascular space being more rapid than outflow from the compartment.
The 
